A number of studies of photosynthetic acclimation have been reported (3, 11, 13, 14, 16, 19, 20) but, so far as is known, there has been no study of all of the factors referred to above. The present paper describes experiments on the responses of photosynthetic processes, measured at various temperatures in plants grown under different temperature regimes. Changes in amounts and activities of certain enzymes associated with photosynthesis were also measured. An attempt is made to relate these two kinds of measurements using cotton, one of the more thermophilic of the temperate zone crops, which has been reported to grow at temperatures as high as 45 C (10).
Among the major ecological variables, temperature is always prominent in that it can limit the distribution of plants and also the diversity of plant forms that colonize or develop in a particular region. Temperature changes may act directly by modifying existing physiological processes, and indirectly by inducing an altered pattern of development subsequent to the imposition of the temperature change.
In studying photosynthetic acclimation to temperature, it is important to distinguish between the effects of different growth temperature regimes, which can result in marked differences in the anatomical and morphological characteristics of plants, as well as in different leaf photosynthetic characteristics and capacities and the effects of temperature of measurement on plants grown under a particular growth regime, which can affect stomatal diffusive resistance, as well as biochemical reaction rates. It is also desirable to examine, not only photosynthetic rates at normal CO2 concentrations, but also aspects of photosynthetic capacity and efficiency, such as the maximum rate of photosynthesis under nonlimiting conditions, and the intracellular resistances to CO2 transfer, respectively. The relationships between these over-all parameters and the activities of some of the primary photosynthetic enzymes should also be explored.
A number of studies of photosynthetic acclimation have been reported (3, 11, 13, 14, 16, 19, 20) but, so far as is known, there has been no study of all of the factors referred to above. The present paper describes experiments on the responses of photosynthetic processes, measured at various temperatures in plants grown under different temperature regimes. Changes in amounts and activities of certain enzymes associated with photosynthesis were also measured. An attempt is made to relate these two kinds of measurements using cotton, one of the more thermophilic of the temperate zone crops, which has been reported to grow at temperatures as high as 45 C (10). (18) . Particular attention was given to points lying on the plateau of the P/cu curve, giving values of Pma.
MATERIALS AND METHODS
(the maximum rate of photosynthesis obtainable at saturating light intensity and at saturating CO2 concentration) and to points lying close to the axis P=O, in order to obtain values for the intracellular resistance (r,) calculated as the reciprocal of the slope of the initial, CO2-limited, part of the C02-response curve.
Many authors report photosynthetic rates obtained by providing normal air at the inlet of their leaf chamber. However, the concentration of CO2 surrounding the leaves may be significantly lower than that in the inlet airstream. In these experiments the term Pamb is used to describe rates of photosynthesis when the air surrounding the leaves contained 0.03% CO2 by volume at 25 C.
Since (4) .
The activities of RuDP carboxylase, glycolate oxidase, and NADH-malate dehydrogenase were measured as described previously (5 subsequently modified by Rickli et al. (17) . All reagents, syringes and tubes were maintained at 0 C in ice baths and the measurements were carried out in a cold room at about 2 C. Carbonic anhydrase activity was expressed as units of activity calculated from the formula given by Everson (7) .
A comparison was made of the carbonic anhydrase activity measured when half the number of leaf discs were extracted in the same volume of buffer. The activities, expressed in terms of units cm2 leaf area, agreed within 5%. It was concluded that the ratio of leaf material to buffer used in the extractions was satisfactory, and that the extraction could not be improved by reducing this ratio, in contrast to results reported by Bjorkman (2). Figure 1 shows the values of Pma., at different measurement temperatures for plants from each growth temperature regime.
RESULTS
The value of r1, the stomatal resistance to CO2 diffusion corresponding to each value of Pma.. is also shown.
In general, Pma. tended to reach a peak at the temperature corresponding to the daytime growth temperature; the only obvious exception to this generalization was for the 20/15 C regime, where the 40 C values were slightly higher than those at 20 C. The lack of temperature sensitivity in this regime may suggest a photochemical limitation to photosynthesis, observed elsewhere in thermophilic species grown at low temperatures (11) . (Fig. 2) although the actual rates of photosynthesis were significantly lower than those of Figure 1 , and each temperature response curve flatter. The results for the 40/35 C regime appear to be somewhat exceptional in that the value of Pamb at 25 C was higher than at 40 C.
In general, the P*mb and Pamb values were in close agreement, suggesting that changes in stomatal resistance at different measurement temperatures did not unduly influence the shape of the curves in Figure 2 . The 25/20 C growth treatment tested at 25 C was exceptional in that high stomatal resistance clearly depressed the value of Pamb. Figure 3 Figure 6 shows the activities of RuDP carboxylase, glycolate oxidase, and NADH-malate dehydrogenase, measured at a standard temperature of 30 C, and of carbonic anhydrase activity, measured at 0 C, for plants from each growth temperature regime.
Expressed on a leaf area basis there was little change in RuDP carboxylase activity in leaves grown at different temperatures, glycolate oxidase activity appears to decline with increasing growth temperature, and the activity of NADH-malate dehydrogenase does not follow any obvious pattern with change in growth temperature regime. Apart from plants grown at 30/25 C, there appears to be an increase in activity of this enzyme with increase in growth temperature regime. Carbonic anhydrase activity shows a pronounced peak in plants from the 25/20 C growth regime, and the over-all profile of changes in activity of this enzyme resembles the comparable Pmax curves of grown at 20/15 C. In consequence, when enzyme activities are expressed on a chlorophyll basis, they all tend to show a progressive decline with increasing growth temperature. In these experiments, therefore, where comparison of enzyme activity and photosynthetic characteristics is intended, leaf area appears to provide a more realistic basis of expression.
DISCUSSION
The results of Figures 1 to 4 provide evidence of the substantial degree to which plants can acclimate to the temperature regime in which they are grown, supporting, in general terms, the work of Mooney and West (14) and others. Apart from their intrinsic interest, the data also suggest that users of controlled environment facilities should exercise a good deal of caution in the extrapolation of results from one growth temperature to another. Also, caution is needed in the interpretation of the many temperature response curves now published in the literature. It under the saturating CO2 conditions that are used for Pm.. determinations, only a weak correlation would be found (cf. [6] [7] [8] . The explanation may lie in an effect of carbonic anhydrase in increasing the local availability of CO2 at the carboxylation reaction site, regardless of the level of ambient CO2., as suggested by Graham and Reed (9) . 
